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FOREWORD

The tests described in this report were conducted under NASA Apollo
Contract NAS 9-150.

This report was prepared by J. K. Kagawa of the Wind Tunnel Projects
Group, Los Angeles Division.
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ABSTRACT

This report contains results of the aerodynamic force

tests of the O.105-scale FS-2 Apollo model and presents basic

wind tunnel test data only, in order to make the test results

available at the earliest possible date. Analyses and

summary of results will be reported later under separate

cover.
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I. INTRODUCTION

Wind tunnel tests of the O.105-scale Apollo force

model FS-2 were conducted in the Ames Unitary Plan Wind

Tunnel to investigate the static stability characteristics
of the launch escape system, and co evaluate the effects of

changes in _e art portion or' the escape rocket. In

addition, a command module fitted with four longitudinal
flow separators (strakes) was tested alone and then in

combination with a typical tower and rocket. The launch

escape system configurations were tested over an angle of
attack range of -15Vto +95 °. The command module alone

covered an angle o£ attack range of 75 ° to 155 °. The Mach
number range at which these data were obtained extend from

2.6 through 3.4.

-1-
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II. REMARKS

This investigation was conducted on the 0.105 scale
model of the Apollo to obtain aerodynamic force and sta-

bility characteristics of various launch escape system con-

figurations. Various flow separating discs were attached

to the aft end of the launch escape motor to study their

effect on the stability of the launch escape system. The

effect on command module stability, of flow separating

strakes attached to the module, was also investigated.

These configurations are illustrated on pages 5 to _.

The tests were conducted over a Mach number range
from 2.6 to 3.4 utilizing the 8 x 7 foot leg of the Ames

Unitary Plan Wind Tunnel during the period from 21 June to
27 June 1962.

The data contained from these tests are presented in

the appendices of this report. Appendix A contains the

tabulated data and Appendix B presents the plotted data
obtained in the 8 x 7 foot tunnel.

-2-
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III. MODEL DESCRIPTION

A. General

The FS-2 model is a O.105-scale replica of the

Apollo command module and launch escape system. To

cover the required angle of attack range, three basic
command modules were constructed. These modules con-

sisted of a steel balance cavity block enclosed by a

cast aluminum shell. All modules are identical except
that the balance cavities are positioned such that ten

different balance installations, are possible, in which
the angle between the model axis and balance axis is

varied. All three modules are designed to accept the

escape tower configurations throughout the required
angle attack range for the launch escape system.

The stress analysis of the FS-2 components is

presented in Reference (b) and detailed model design
and tunnel installation drawings are included in

Reference (a).

-3-
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III. MODEL DESCRIPTION - continued

B. Model Nomenclature

Symbol Description

Drawing
No.

C2 Command Module. Max. 7121-01077
Dia. = 154 in. -3,-4,-5

c15 Command Module. Max.

Dia. = 154 in. 4

strakes 81.90 in.

lonE, 6.16 in.

high and 2.8b in.
wide.

7121-01077

-3,-_,-5
and -18

T9 Tower Structure.

Length = 114.51 in.

7121-0179-11

E20 EscaDe Motor. Length=
252.89. 30 @ flared
skirt with 1.8

diameter ratio. 65

in. Disc mounted fwd.
of the flared skirt.

7121-01080

-2_-9,-I0,-Ii
-I_ and -21

E23 Escape Motor Length=
254.88 in. B_ @ flared

skirt with 65 in. Disc
attached to base.

7121-01080

-2,-9,-15-18

E35 Escape Motor. Length= 7121-01080
252.39. 36"55' flared -18,-9,-2

skirt with 2.0 diameter

ratio.

Sketch

page 7

8

6

5

5

5
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]Z_. MODEL DZSC£1PT/OA/

C. NOMENCLRTU_E 5KETCH_.._

,_-4._.._

O ONF/_; UR,4 7"/ON_
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II!. MODEL DESCRIPTION - continued

Do Dimensional Data

Full Scale Dimensions

Escape Rocket Motor, E20 (Dwg. No. 7101-01080)

Total length, including jettison

motor, in.

Length of jettison motor, in.

Diameter of escape rocket and jettison

motor, in.

Nose included angle, degrees
Skirt-dlsc diameter, in.
Sklrt-dlsc thickness

Sklrt-dlsc position forward of flared

skirt, in.

Diameter of escape rocket base, in.

Skirt flare angle, degrees

252.39
48.00

26.00

3O.oo
65. oo
2.5

0.50
52.0
3o.o

Escape Rocket Motor, E23 (Dwg. No. 7121-01080)

Total length, including Jettison

motor, in.

Length of Jettison motor, in.

Diameter of escape rocket and Jettison

motor, in.

Nose included angle, degrees

Skirt disc diameter, in.

Skirt disc thickness, in.

Diameter of escape rocket base, in.

Skirt flare angle, degrees

254.38
48.OO

26. O0
30.O
65.0
2.5

51.85
34

Escape Rocket Motor, E35 (Dwg. No. 7121-O1080)

Total length including Jettison

,_otor, in.

Length of jettison motor, in.

Diameter of escape rocket and Jettison
motor

Nose included angle, degrees

Diameter of escape rocket base

Skirt flare angle, degrees-mlnutes

252.39
48.00

26.OO
30.0
54.6

36°55 '

-9-
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III. MODEL DESCRIPTION - continued

D. Dimensional Data

Full Scale Dimensions

Command Modul% C2 (Dwg. No. 7121-O1077)

Max. diameter, in.

Radius of spherical blunt end, in.

Corner radius, in.

Nose cone seml-angle, in.

Nose cone vertex radius, in.

Total height, in.
Frontal area, ft. 2

15_. 0
184.8

7.7

33.0

9.152

135. o21
129. 351

Command Module, C15 (Dwg. No. 7121-01077-3, -4,

-5 & -18)

Max. diameter, in.

Radius of spherical blunt end, in.

Corner radius, in.

Nose cone semi-angle, in.
Nose cone vertex radius, in.

Total height, in.
Frontal area, ft. 2

Flow separator length, in.

Flow separator height, in.

Flow separator width, in.

Flow separator forward end, in.
location from heat shield face, in.

154. o

184.8

7.7

33.o

9.152

135.021
129.351
81.9O
6.16

2.86

93.52

Tower Structure, T9 (Dwg. No. 7121-01079)

Total length, in.

Number of longitudinal members

Diameter of longitudinal member, in.

Diameter of cross braces, in.

Distance between attachment points

at command module, in.

Distance between attachment points

at escape motor, in.

114.514 in.
4

3.571
2. 381

46.752

21.905

-I0-
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IV, TEST PROCEDURE

A. Test Nomenclature

General

No

Mach

B

q

A

K c

KO

d=D

@

RN

pt

po

pb

CPb

Corr.

free-stream M_ch number

free-stream Mach number

angle of attack of model axis of symmetry (zero

for apex forward), degrees

angle of sideslip of model axis of symmetry,

degrees

free-stream dynamic pressure, ib/ft 2

model reference area, 1.4261 ft 2 (max. cross-

sectional area)

configuration number code

balance offset angle code

model reference diameter (maximum diameter of

command module), 1.3475 ft.

offset angle between balance axis and model

axis of symmetry, degrees

Model roll angle relative to the balance plane

of symmetry (_ = 0 @ for these tests)

Reynolds number based on reference diameter

free-stream total pressure, Ib/ft 2

free-stream static pressure, Ib/ft2

balance cavity pressure, ib/ft 2

balance cavity-pressure coefficient,

pb - po

q

Data point correlation number

-ll-

..... 'P'*'"'_" SID-62-936



@

NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

IV. TEST PROCEDURE - continued

Test Nomenclature

StabilitF system of axes with orisin at center of 5ravity

CD drag coefficient (not corrected for base

effects) drag/qA

CL llft coefficient, liftl/qA

Cm =Cmcg pltching-moment coefficient, pitching-moment/qAd

Cy side-force coefficient, side force/qA

Cn yawing-moment coefficient, yawing moment/qAd

C_ rolling-moment coefficient, rolling moment/qAd

L/D lift-to-drag ratio, CL/CD

Body system of axes with orisin at center of _ravit7

CN1 = CN normal-force coefficient, normal force/qA

CA1 = CA axial-force coefficient (not corrected for

base effects), axial force/qA

Cnl yawing-moment coefficient, yawing moment/qAd

C_l rolling-moment coefficient, rolling moment/qAd

Body sFstem of axes with orisin at command module

projected cone apex

Cm2 = Cm A pltching-moment coefficient, pitching moment/qAd

Cn2

(Xcp)N

= Xcp/D

(Xcp) y

yawing-moment coefficient, yawing moment/qAd

center-of-pressure location in the normal force

direction, reference diameters from cone apex,

negative toward heat shield, +(Cm2/CN1)

center-of-pressure location in the side force

direction, reference diameters from cone apex,

negative toward heat shield, +(Cn2/Cy)

-12-
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IV. TEST PROCEDURE - continued

A . Test Nomenclature

Center-of-gravity locations

(a) Launch escape system

(b)

X/D = -0.315

_/D= 0.044

Command module alone

X/D = -0.685

Z/D = 0.059

\

/

D
I
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IV. TEST PROCEDL_E - continued

B. Model Installation

The FS-2 Apollo model was installed on the Ames

2-1/2 inch Task MK-XI balanc_ and sting combination.

adapter of proper length was selected to locate the

moJel in the proper position for sch!!eren or sb_dow-

graph pictures.

The basic angle range for the support system
extended from _ = -1_.7 to +14.7 °. This range, com-

bined with the various model offset angles (@) allowed

complete coverage o£ the _ngles of attack required in

the test program. For exa,nple, if @ = 20 °, an _ngle of
attack range _f 5.3 ° to _J_.7 ° was covered.

?or this tunnel installation, no bent stings were
utilize _ A *_ installation sketch is shown on

page 15.

An

-14-
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IV. TEST PROCEDURE - continued

C. Instrumentation

Six component force data were measured by the
Ames 2-i/2 inch (Task MK XI) internal balance. The

output of each element was fed into the Ames ASGAR

digitizing equipment and the data were reduced at a

remote computer location. The reduced data were then

transmitted to a flexowriter and plotter located in
the tunnel control room.

Base pressure readings were obtained but were not

used in the data reduction. Schlieren motion pictures
were obtained and still pictures were also taken. Prints

are on file at the Ames Research Center Unitary Plan
Wind Tunnel facility.

-16-
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